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(53) [Subject of Invention] 

Non-alkali glass substrate 
(57) [Summary] 
[Task] 

The objective is to provide a non-alkali glass substrate 
which can satisfy all the properties required for the glass 
substrate to be used for TFT type active matrix liquid crystal 
display . 

[The Means for Achieving the Task] 

The characteristics is that it possesses the following 
compositions by weight percent: Si0 2 55-65%, Al 2 °3 10 ~20%, B 2 0 3 
4-12%, MgO 3-6.4%, CaO 4.6-10%, SrO 0-5%, BaO 0.5-9.5%, ZnO 
0-5%, Zr0 2 0-1.5%, Ti0 2 0-5%; and contains essentially no alkali 
metal oxide and PbO. 
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[Scope of the Patent Claim] 

[Claim Item 1] A non-alkali glass substrate having the 

following characteristics: It possesses the following 

compositions by weight percent: SiO 55-65%, Al O, 10-20%, B n 0 o 

a £ 6 2 3 

4-12%, MgO 3-6.4%, CaO 4.6-10%, SrO 0-5%, BaO 0.5-9.5%, ZnO 
0-5%, Zr0 2 0-1.5%, Ti0 2 0-5%; and contains essentially no alkali 
metal oxide and PbO. 

[Claim Item 2] In the non-alkali glass substrate described in 
Claim Item 1, characteristically, the following condition is 
satisfied: in mol ratio, B 2 °3 < ( M gO + CaO) . 
[Detailed Explanation of the Invention] 
[0001] 

[Industrial Application Fields] The present invention is 
related to the non-alkali glass substrate to be used as 
substrate fpr display (liquid crystal display, EL display etc.), 
filter, sensor, etc. 
[0002] 

[Conventional Technology] Hitherto, glass substrates are widely 
employed as substrate for the flat panel display of liquid 
crystal display, etc., filter, sensor, etc. 
[0003] Onto the surface of this kind of glass substrates, 
transparent electrode film, insulating film, semiconductor film, 
metal film, etc. are formed; and then by the photo-lithography 
etching (photo-etching) , various circuits or patterns are 
formed. During these film forming and photo-etching process, 
the glass substrate would be exposed to various heat treatments 
or chemical treatments. 
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[0004] For example, in the case of thin film transistor (TFT) 
type active matrix liquid crystal display, on the glass 
substrate, insulating film and/or transparent conductive film 
are formed and then numerous numbers of amorphous silicon and/or 
polycrystalline silicon TFT are formed by photo-etching. In 
this kind of process, the glass substrate is exposed to heat 
treatment of several hundred degrees and also to various 
chemical treatments by sulfuric acid, hydrochloric acid, 
alkaline solution, hydrofluoric acid, etc. 

[0005] Accordingly, the glass substrate to be used for TFT type 
active matrix liquid crystal display would be required to 
possess the properties listed below. 

[0006] (1) If alkali metal oxides are contained in the glass, 
the alkali ions would diffuse into the film-formed semiconductor 
material during the heat-treatment to cause degradation of the 
film property; therefore, essentially, it should contain no 
alkali metal oxide. 

[0007] (2) It possesses the chemical durability so that it 
would not be degraded by the various acid, alkali, etc. 
chemicals used in the photo-etching process. 

[0008] (3) It does not thermally shrink by the heat-treatment 
in the film forming, annealing, etc. processes. Because of 
this, it has to possesses high strain point. For example, in 
the case of polycrystalline silicon TFT-LCD, since the process 
temperature is more than about 600°C, the glass substrate for 
this application is required to possess more than 650°C strain 
point. 
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[0009] And in taking the meltability and formability into 
consideration, this kind of glass substrate is also required to 
possess the properties below. 

[0010] (4) It is superior in meltability so that no undesirable 
melting defects for substrate application would occur in the 
glass. 

[0011] (5) It is superior in devitrification resistance so that 
no foreign materials occurring during the melting and forming 
would be present in the glass. 

[0012] And in recent years, applications of electronic 
equipments of TFT type active matrix liquid display, etc. are 
being advanced to the personal field; thus making the equipment 
lighter is being demanded. Accompanying this, making the glass 
substrate lighter is being demanded; thus making th plate 
thinner is £>eing pursued. However, for this kind of electronic 
equipment, it is also being advanced in making to a larger size. 
Therefore, when the strength of the glass substrate is 
considered, there is a self imposed limit in making it thinner. 
Hence, for the purpose of achieving lighter glass substrate, it 
is desirable to lower the glass density. In concrete term, the 
density is required to be below 2.6 g/cm . 
[0013] 

[The Problem to be Solved by the Invention] Hitherto, for the 
non-alkali glass to be used in the TFT type active matrix liquid 
crystal display substrate, quartz glass, barium-borosilicate 
glass and aluminosilicate glass are available; however, there is 
an advantage and disadvantage in all of them. * 
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[0014] Namely, in the case of quartz glass, the chemical 
durability and heat-resistance are superior and it is also low 
density. However, there is a difficulty that the material cost 
is high. 

[0015] For barium borosilicate glass, as commercial product, 
the Corning Incorporated # 7059 is available. However, this 
glass is inferior in acid resistance. As a result, during the 
photo-etching process, change in quality and/or turbidity 
formation and roughening on the surface of the glass substrate 
would easily occur; and further by the extracted components from 
the substrate, the chemical solution can be easily contaminated. 
Moreover, this glass is low in strain point; thus heat-shrinkage 
and/or heat-deformation can be induces easily—namely, it is 
inferior in heat-resistance. And its density is also high, 
2.76/cm 3 . 

[0 ; 016] Aluminosilicate glass is superior in heat-resistance. 
However, many of the presently commercially available glass 
substrates are poor in meltability; thus they are not suitable 
for mass-production. Many of them are also high in destiny 
(higher than 2.7/cm ) or inferior in chemical durability; in 
reality, a glass which would satisfy all of the required 
properties is not yet available. 

[0017] The objective of the present invention is to provide a 
non-alkali glass substrate which can satisfy all of the 
aforementioned required properties, Items (l) through (5), and 
possesses a density of lower than 2.6 g/cm 3 . 
[0018] 
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[The Means Used to Solve the Problem] The non-alkali glass 
substrate of the present invention is characteristically that it 
possesses the following compositions by weight percent: Si0 2 
55-65%, A1 2 0 3 10-20%, B 2 0 3 4-12%, MgO 3-6.4%, CaO 4.6-10%, SrO 
0-5%, BaO 0.5-9.5%, ZnO 0-5%, Zr0 2 0-1.5%, Ti0 2 0-5%; and 
contains essentially no alkali metal oxide and PbO. 
[0019] And the non-alkali glass substrate of the present 
invention is characteristically that the following condition is 
satisfied: in mol ratio, B 2 °3 < ( M 9° + Ca0 ) • 
[0020] 

[Function] Below, the reasons for the aforementioned 
limitations on the components constructing the non-alkali glass 
substrate of the present invention are described. 
[0021] When Si0 2 is less than 55%, the chemical durability, 
especially the acid resistance would become poor and the strain 
point would become low to degrade the heat resistance; and 
further low density would become difficult to achieve. When it 
is more than 65%, the high temperature viscosity would become 
larger to degrade the meltability, and additionally, the 
devitrification foreign material of cristobalite would be easily 
precipitated in the glass. 

[0022] When A1 2 <D 3 is less than 10%, the devitrification 
temperature would rise and the devitrification foreign material 
of cristobalite would be easily precipitated in the glass; 
additionally, the strain point of the glass would be lowered; 
thus the heat-resistance would become poor. When it is more 
than 20%, the high temperature viscosity of the glass would 
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become higher to degrade the meltability. 

[0023] B 2°3 acts as melting agent to lower the viscosity to 
improve the meltability; it is also a component possessing a 
function of lowering the density. It is set to be contained 
4-12%. When it is less than 4%, the action as melting agent 
would become insufficient; and when it is more than 12%, the 
glass strain point would be lowered to degrade the 
heat-resistance and additionally, the acid resistance would 
become poor. For maintaining the acid resistance at the optimal 
condition, it is desirable to specify the content of B-O- to 
4.6—9%. 

[0024] MgO possess functions to lower the high temperature 
viscosity without lowering the strain point and to improve the 
glass meltability. Among the 2 valence state alkaline earth 
oxides, MgO is the component which is most effective in lowering 
the density. When it is less than 3%, this effect would be 
difficult to obtain; and when it is more than 6.4%, the 
devitrification temperature would rise and the crystallization 
foreign material of enstatite (MgO-Si0 2 ) would be easily 
precipitated in the glass. 

[0025] Similarly to MgO, CaO is a component which lowers the 
high temperature viscosity without lowering the strain point and 
possesses the effect of improving the glass meltability. 
However, CaO is different from MgO in that CaO also possesses 
the effect of enhancing the devitrification resistance. The 
content of CaO is set to be 4.6-10%, preferably 4.6-8%. When it 
is less than 4.6%, the aforementioned effects ^would be difficult 
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to obtain. When the content is more than 10%, the acid 
durability of the glass would become poor and the glass density 
would become larger — this is not desirable. 

[0026] MgO and CaO are indispensable components for improving 
the glass meltability. However, it is not desirable to contain 
one of them extremely much more than the other one. Namely, 
when MgO is too much, the devitrification would become worse and 
when CaO is too much, not only the density would be lowered but 
also the acid durability would become poorer. It is desirable 
to specify that the two components are both present in suitable 
ratios. 

[0027] Further in the present invention, when the total amount 
of MgO and CaO is made more than the amount of B 2 0 3 , in mol 
ratio, the lowering in the strain point of the glass can be 
prevented and good acid durability can be maintained; and 

additionally, the effect of drastically enhancing the 

i 

meltability of the glass would become larger; thus this is 
desirable. 

[0028] SrO is a component for enhancing the chemical durability 
and devitrification resistance of the glass. However, if it is 
more than 5%, the meltability would become poor and the density 
of glass would be drastically raised; thus this is not 
desirable. 

[0029] Similarly to SrO, BaO is also an important component for 
enhancing the chemical durability and the devitrification 
resistance of the glass. . When it is less than 0.5%, this effect 
cannot be obtained; and when it is more 9.5%, the meltability 
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would become poor and also the glass destiny would be 
drastically raised; thus this is not desirable. 
[003 0] ZnO is a component for improving the meltability. 
However, when it is more than 5%, the glass would become easily 
devitrified suddenly and the strain point would be lowered; thus 
superior heat-resistance cannot be obtained. 

[0031] However, in the present invention, when the total amount 
of MgO, CaO, SrO, BaO and ZnO is less than 10%, the 
devitrification temperature of the glass would rise, and the 
precipitation of the crystalline foreign material in glass would 
become easier. And if the total amount of these components is 
more than 20%, the density of the glass would rise; this is not 
desirable since it would become difficult in making the 
substrate lighter. 

[0032] Zr0 2 is ; a component which would improve the chemical 
durability, especially the acid durability of the glass and also 
lower the high temperature viscosity to improve the meltability. 
However, when it is more than 1.5%, the devitrification 
temperature would rise and the precipitation of devitrification 
foreign material of zircon would become easier; thus this is not 
desirable. 

[0033] T i° 2 ^ s a component which would also improve the 
chemical durability, especially the acid durability of the glass 
and also lower the high temperature viscosity to improve the 
meltability. However, when it is more than 5%, the glass would 
become easily colored to lower the transmittance; this would 
make it unsuitable for display application; 4 thus this is not 
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desirable . 

[0034] And in the present invention, in addition to the 
aforementioned components, within the range of not damaging the 
specific properties, other components can be added. For 
example, as fining agent, the component such as As 2 0 3 , Sb 2 <D 3 , 

F 2' C *2' S0 3 or t ^ ie com P onent suc h as A l/ Si metal powders, etc. 
can be added. 

[0035] However, if alkali metal oxide is included in the glass, 
it would degrade the property of the various films and/or 
semiconductor elements; thus this is not desirable. And PbO 
generally employed as melting agent would drastically lower the 
chemical durability of the glass. It (PbO) would also be 
vaporized from the surface of the molten liquid during the 
melting to cause worry of polluting the environment; thus it is 
not desirable. Further, P 2 °5 i s generally employed as melting 
agent; however, it would cause phase separation to the glass and 
lower the chemical durability; thus it is not desirable. And if 
CuO is contained, the glass would be colored; thus it would 
become unsuitable as glass substrate for display. 
[0036] 

[Implementation Example] Below, the non-alkali glass substrates 
of the present invention are illustrated in details based on 
implementation examples. 

[0037] Table 1, 2 show the compositions (wt%) and properties of 
the implementation example glasses (Sample No. 1 — 7) and the 
comparison example glasses (Sample No. 8 — 13). And in Table 3, 
4 the glass compositions of Table 1, 2 are stfown by mol %. 
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[0038] 
Table 1 



Wt% 



Density (g/cia ) 
Strain Point (°i 
Acid Resistance 
Devitrification 
1(T *° Poise Tern] 

[0039] 
Table 2 



Compo s i t ion^-^^ 


Implementation Example 


1 


2 


a 


4 


6 


6 


7 


5 i 0, 


59.0 


60.5 


61.0 


66.6 


67.0 


62.0 


56.0 


A1.0, 


17.0 


18.6 


16.6 


16.0 


14.0 


19.0 


16.0 


BiOt 


7.0 


6.5 


7.5 


7.0 


6.6 


6.0 


5.6 


MrO 


6.0 


4.6 


6.2 


4.0 


6.5 


4.6 


8.9 


CftO 


6.0 


6.6 


4.8 


7.6 


6.0 


5.0 


8.0 


SrO 


— 


— 


1.0 


2.0 


4.5 


1.0 


0.5 


BaO 


6.6 


2.0 


8.6 


6.0 


S.O 


1.6 


1.0 


ZnO 




0.5 


0.6 


1.0 




1 0 


a n 


ZrO> 


0.6 






1.0 


1.5 






TiO. 

^ ^ — r-'-M ■ 




1.0 






2.0 




8.0 




2.52 


2.40 


2.49 


2.66 


2.67 


2.46 


2.65 




679 


674 


666 


670 


665 


662 


672 


) 


O 


O 


O 


O 


0 


O 


O . 


Temp. (°C) 


1120 


1059 


1114 


1096 


1078 


1108 


1082 


. ( C) 


1500 


1495 


1463 


1427 


1399 


1491 


1364 



Wt% 



Sample ". -No. 



Composition 



S iO, 



AltO, 



B.O. 



MarO 



CaO 



SrO 



BaO 



ZnO 



ZrO, 



T 1 O. 



Density (g/cm \ 
Strain Point ( C) 
Acid Resistance 
Devitrification Temp. ( 
KT ' Poise Temp. ( C) 



'C) 



Comparison Example 



68.0 



12.0 



4.0 



5.0 



3.0 



2.5 



5.6 



2.0 



2.*60 



684 



1250 
it 



1598 



60.0 



15.0 



4.0 



3.0 



4.0 



4.0 



10.0 



2.63 



694 



1122 



1602 



10 



55.0 



18.0 



8.0 



4.0 



12.0 



2.0 



S.O 



2.63 



650 



1098 



1413 



11 



85.0 



10.0 



8.0 



2.0 



4.0 



9.0 



2.0 



2.49 



650 



1175 



1697 



12 



60.0 



14.0 



7.0 



8.0 



6.0 



2.0 



3.0 



2.48 



678 



1250 
11 



1442 



IS 



60.0 



13.0 



15.0 



3.0 



6.0 



3.6 



0.6 



2.37 



635 



1046 



1616 



13 



[0040] 
Table 3 



[0041] 
Table 4 



raple !No 



Mol% 



Implementation Example 



•Composition — 


1 


2 


3 


4 


. 6 


6 


7 


S I 0, 


65.0 


85.4 


66.4 


62.8 


62.8 


67.2 


82.7 


A 1 .0. 


U.l 


11.8 


8.8 


10.4 


8.0 


12.1 


10.2 


BaO, 


e.7 


8.1 


6.8 


6.7 


6.1 


6.6 


6.2 


MffO 


6.2 


7.2 


8.8 


6.6 


6.0 


7.3 


'& 


CaO 


5.8 


7.5 


6.6 


6.8 


7.0 


6.8 


8.3 


SrO 






0.8 


1.8 


2.8 


0.6 


0.8 


BaO * 


2.8 


0.8 


1.6 


2.2 


1.8 


0.6 


0.4 


ZnO 




0.4 


0.4 


0.8 




0.8 


3.2 


2r0, 


0.3 






0.5 


0.8 






TiO, 




0.8 






1.6 




2.4 



MolZ 



-"-^Sample No- 
Compos itiotr^^^^ 


Comparison Example 


8 


9 


10 


11 


12 


13 


S 10, 


71.6 


68.7 


59.4 


72.2 


62.6 


64.8 


A 1,0a 


7.7 


10.1 


10.2 


6.6 


8.6 


8.3 


B,Oa 


3.7 


4.0 


716 


7.7 


6.8 


14.0 


MffO 


8.1 


6.1 


8.4 


3.8 


12.4 


4.8 


CaO 


3.5 


4.8 


13.8 


4.8 


6.7 


6.8 


SrO 


1.6 


2.7 


1.3 




1.2 


2.2 


BaO 


2.8 


4.5 


1.3 


3.9 




0.2 


ZnO 


1.8 






1.8 


2.4 




ZrO, 














TIO. 
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[0042] Each sample in the tables was prepared as follows. 
First of all, glass raw materials were adjusted so that it would 
become the composition shown in the table and placed in a 
platinum crucible. It was melted at 1580°C for 24 hours and 
then poured onto a carbon plate and formed into a plate shape. 
[0043] It is clear from the tables that all of the 
implementation samples (No. 1—7) are below 2.57 g/cm 3 in 
density and higher than 665°C in strain point. Furthermore, the 
hydrochloric acid resistance was superior. Further all of 
samples were low in devitrification temperature, below 1120°C; 
thus they are superior in devitrification resistance. The 
temperature equivalent to 10 2 ' 5 poise was below 1500°C; thus the 
meltability was also good. 

[0044] By contrast, the sample of Comparison Example No. 8 was 
inferior in devitrification resistance and meltability due to 
higher Si0 2 and lower CaO. The sample of Comparison Example No. 
9 was high in density and inferior in meltability due to lower 
CaO, higher BaO and due to that the total amount of MgO, CaO, 
SrO, BaO and ZnO was more than 20%. The sample of Comparison 
Example No. 10 was inferior in the hydrochloric acid resistance 
and high in density due to higher CaO. The sample of 
Comparison Example No. 11 was inferior in meltability due to 
lower MgO and CaO. The sample of Comparison Example No. 12 was 
slightly inferior in the hydrochloric acid resistance and 
inferior in devitrification resistance due to that it contains 
higher MgO and no BaO. The sample of Comparison Example No. 13 
was lower in strain point and slightly inferior in the 
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hydrochloric acid resistance due to higher B 2 0 3 and additionally 
that the total amount of MgO and CaO was lower than B O 

t 

[0045] Further, the density in the table was measured by the 
well known Archimedes Method; and the strain point was measured 
based on the ASTM C33 6-71 Method. 

[0046] And for the hydrochloric acid resistance, each sample 
was polished to optical surface and soaked in 10 wt% 
hydrochloric acid solution maintained at 80°C for 24 hours; it 
was then evaluated by visually observing the surface condition 
of the glass substrate: those showed turbidity or cracking on 
the surface of the glass substrate were indicated by X; those 
showed slight turbidity were indicated by^; those showed 
entirely no change were indicated by O. 

[0047] Further, the devitrification temperature was measured as 
follows. From each sample, glass powders having 300 — 500 um 
particle diameter were prepared; an the powders were placed into 
a platinum boat. It was heat-treated in a temperature slope 
furnace for 24 hours and then the glass was taken out and the 
temperature at which the devitrification occurred was verified 
by a microscope (to obtain the devitrification temperature) . 
[0048] And the 10 2 * 5 poise temperature indicates the 
temperature equivalent to the high viscosity of 10 2,5 poise; the 
lower this temperature means the better the melting-forming 
ability. 
[0049] 

[Effect of the Invention] As described above, the non-alkali 

r 

glass substrates of the present invention essentially contain no 
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alkali metal oxide and PbO. They are superior in heat 
resistance, chemical durability and melting-forming ability. 
Further, the density is below 2.6 g/cm 3 ; thus is very suitable 
for the glass substrate to be used for TFT type active matrix 
liquid crystal display which is required especially to be light 
weight . 
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fftt(>. 2. 76g/cm' tiS^. 

[00161 r^$/«»a^ ^14. assfttttcflyxT 

mt. $m#2. 7g/cm3 feLhfc**»-»fcO. 
40 t<o*^< . coS^^ttS-SfM-tS io 

[00173 ±ieL^n^«ptt«e 

(l)-(5)O^T5:}»£L, LjM,*K**2. 6g 

**. 

[00183 

[IKII*-J»*-f*^y)0#S3 *^^r/^U^5 
X»Rtt. «*W#»T. S i O2 5 5-6 5%. A 

12 O3 10 — 20%. B2O3 4— 12%. Mg 
50 O 3-6. 4%. CaO 4. 6-10%. SrO 



(3) 
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0-5%, BaO 0. 5~9. 5%. ZnOO-5 
%. Zr0 2 0 — 1.5%, TiOr 0— 5%tf)ffl 

[00193 i/c*f^^*!ir/p* y a y^mrna. * 

/WJtt', Bi Oa < (MgO+CaO) *>af*£Si£-f 
[0020] 

[ 0 0 2 1 3 S i O2 5 5%i O^fr^k, BJ&ft 

it, ®mm#m<%btMz. m 

[0022]Ah 03 ^ 10XJ:9^*^fc. fc£ 

[ 0 0 2 3 ] Bz 0 3 li, Hftlfc , tttt£T 

ff, »HttS:&#-f6tft{c?(faS:ffiT$-li:6ffffl«:* 
4~12%#frf4. 4%iO^V-> 

tfvxomjUtfi&Ti. mmt><B<%ik&izm 

Mttt»X<&6. MHtt*ftt>ftvv|jW£fiLo*:#>£ 
li. Bj Oa ft* 4. 6-9XfcaS*W-4£fcjWa*L 

[0024] Mg Oli, Sj»tTW-f fc«aWStt*T 

MaWIWiiK* 1 }. **:6. 4Xi9£Hfc, 
&#±#U xy***4 h (MgO • S i O2 ) <?>m 

[0025jCaO{>. MgOfcHttfc&ftfcTifi'fc: 

ifcCaOli, MgOkS&O, 

Ji, 4. 6-10%, «F*L<li4. 6-8%T'&*. 

4 . 6 %* *)&%\\b , ±iao«t o %mi>mt>tim< 
io%io^<ir*r-r&t, tftxemmim 

[0026] MgOfcCaOli, #?XOfcKtt«:l«J± 
*>M g ooyHlMrtth t , *ifittri<*ft UCaOA* 



[0027] S&tottMflteBviTI*. ^ifct', Mg 
Oi:CaO<0£ft£, Bj Os ft J: 0 ilKtifc , XT 
9**>ftjflt*)ftTtrl»*\ ifcNHM£*Jltf£fltt>. t 

[00 28] SrO(i, #5*c9ffla&fM4fciSt$'a8tt£ 

nubs*****?***. 5%i*)^k. ffli&tfm 

[0029] BaOt. SrOfcHflL #5 

0. 5%i0^^i:, v:<D£5&$&&#ft4>ix-f, 
9. 5%«fc , 5£^i:. a«MfcWi<**fc*C, 

[ 0 0 3 0 3 Z n Oli, *Hfttt*&#*- l&frCht 
20 i\ 

[003 1 3 fc£L*#Wfc*Nvtli. MgO, Ca 
O, SrO, BaO&tfZnO?)£ft#l OXiOifwflr 

jWMiL*1-<*D, $.tiz.tit><n$. j rt<ry&tw. 20 
%«k0^^i:, #5*^«^J:#l/t*gW>«ftflA 

[00321 zi-02 «, nfixvmmm* «rcw» 

•tfS^-CfcS^, 1. 5XA9*V»fc, £SSffl£#± 
[ 0 0 3 3 3 T i 0 2 t , #7Xtf)ffl&fttt, 4*t=MK 

[00343 *fc*JWifciJ WJ. Jjaft#JsW-fc: 

fc*«TfigT*0, 0Ki{f«Mi:LT, As 2 O3 , S 
40 b 2 Oa . F2 , C I2 , SO3 fc Uofc^iH'A 1 . 

s i b^fc&gwttzmfeit&zkmmx'h 

[00351 titfl#?xWzTt\s* OMMXMft 

WWWfcLT«JB8fl*PbOtt. ^X^mU&fMS* 

(CP 2 Os LHRlcBWIk LT«WB$#i«**. ^^x?: 
50 ftm-tlkMz. ffl»Mt**L<«;T3**fc*># 



(4) 
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[0036] 

[0 0 373 31. 2<i, mmmntfy* (MNo. * 



* 1-7) fcit«0!l£>;tf7* (ISflNo. 8~1 3) <0*fi 

tt % *l. 20#7*fifi!c£*/l'%T'^L£k?>T'*> 
£. 

[0038] 

can 

(SIX) 



"^■^^^ SWNo. 

am 


X Ml 01 


l 


2 


8 


4 


6 


6 


7 


S 1 0. 


59.0 


60.6 


61.0 


66.6 


67.0 


82.0 


68.0 


A1.0. 


17.0 


18.6 


16.5 


18.0 


14.0 


19.0 


19.0 


B.O, 


7.0 


6.6 


7.6 


7.0 


6.6 


6.0 


5.6 


MffO 




4.6 


6.2 


4.0 


6.6 


4.5 


8.8 




s.o 


6.6 


4.8 


7.6 


6.0 


6.0 


8.0 


S r O 






1.0 


£.0 


4.6 


1.0 


0.6 


BaO 


8.6 


2.0 


8.6 


6.0 


8.0 


1.6 


1.0 


ZnO 




0.5 


0.6 


1.0 




1.0 


4.0 


ZrO. 


0.6 






1.0 


1.6 






TIO, 




1.0 






2.0 




8.0 






£.40 


£.49 


£.66 


2.67 


2.45 


2.56 




678 


874 


668 


070 


666 


862 


672 


tttttttt 


O 


O 


O 


O 


O 


O 


O 




1120 


1088 


1114 


1086 


1076 


1108 


108£ 


10" (t) 


1500 


I486 


1488 


1427 


1389 


1481 


1864 



[00 39] 



« [^2 3 



(5) ^¥9- 1 5 6953 

7 8 

(MX) 



fttt 


tt « «i 


a 


9 


10 


11 


12 


19 


S 10. 




60.0 


66.0 


66.0 


90.0 


60.0 


A 1,0. 


12.0 


16.0 


18.0 


10.0 


14.0 


13.0 


B.O, 


4*0 


4.0 


8.0 


6.0 


7.0 


15.0 


MfO 


6.0 


8.0 


4.0 


2.0 


6.0 


8.0 


CaO 


3.0 


4.0 


12.0 


4.0 


6.0 


6.0 


SrO 


2.5 


4.0 


8.0 




2.0 


8.5 


BaO 


6.5 


10.0 


8.0 


9.0 




0.6 


ZnO 


2.0 






2.0 


8.0 




ZrO. 














TlO> 














«K (f/cm') 


1.60 


6.9* 


2.68 


2.49 


2.48 


2.87 


£A (X3) 


984 


984 


660 


660 


678 


686 


tfttKtt 


O 


O 


X 


O 


A 


A 




1260 
Mi 


1122 


1096 


1178 


1250 
It 


1046 




1698 


1602 


1418 


1697 


1442 


1515 



[0040] * * [??3] 



KHNo. 

mm 


g » m 


1 


2 


8 


4 


6 


6 


7 


S i Ot 


66.0 


66.4 


66.4 


62.6 


62.8 


67.2 


62.7 


A I.O. 


11.1 


11.8 


9.6 


10.4 


8.0 


12.1 


10.2 


B.O. 


6.7 


8.1 


6.9 


6.7 


6.1 


6.6 


6.2 


MffO 


6.2 


7.2 


9.9 


6.6 


9.0 


7.3 


8.8 


CaO 


6.9 


7.6 


6.6 


6.9 


7 -° 


6.8 


9.3 


SrO 






0.9 


1.8 


2.9 


0.6 


0.3 


BaO 


2.8 


0.9 


1.5 


2.2 


1.9 


0.6 


0.4 


ZnO 




0.4 


0.4 


0.6 




0.6 


3.2 


ZrO. 


0.8 






0.5 


0.6 






TI O. 




0.6 






1.6 




2.4 



[0041] 



> 
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9 1 0 



^^-^^ KWNo. 
Us* ^^^^^ 


« M 


a 

0 


9 


ID 


• • 
1! 


12 


13 


S [ 0. 


71 R 


ft* 7 

Do. 7 


09.4 


*rm a 

IZ.C 


02.0 


04.5 


Al .0. 


7 7 


JU. 1 


in * 
IU.Z 


a c 
0.0 


0.0 




BiOa 


$ 7 
••7 


4.0 


7 C 

7.6 


7.7 


6,8 


14.0 


MrO 


0. 1 


K 1 


6.4 


1.3 


12.4 


4.3 


CaO 


3.6 


4,8 


13.9 


4,3 


8.7 


3.8 


Sr 0 


1.6 


2.7 


l.S 




1.2 


2.2 


BftO 


2.8 


4.6 


1.3 


3.9 




0.2 


ZnO 


1.6 






1.8 


2.3 




ZrO. 














Ti 0. 















[0042] mnZtmii. XOXolZlXmi *lZ£->Xm%.l. ASTMC3 36-7KD* 

&*H«{;:A*U l 5 8 0*CT\ 2 4B*l5!$lKl,fcfc. # 20 [ 0 0 4 6 ] 2*ri8Hg&tttt. &&m%&m&lXfr 

-^y^±iz^imt. mmz^Mttz. a ovtz&&$tiK 1 omR%tmmmz2 4m 

1 0 0 4 3 ] a*» ^^fr ioc, SSflfflT'fc * N fSfei» Lfct*. #7*^^Bo:|fc<8£«lS?-$-«. CI b IZ 

o. l-7«*Kflli. fc»-fft.t*«y2. 5 7g/c io-CIPfBL^iOTftO. ^XSfiCO^ffi^SSL 

izwix^tz. ttzZimti>. i 2 or titzhntA. £<£ft?«ra^>tt>?>£Ofc Ltz. 

WFb filr>fctf>. IWaMtfcWU 1 0 s tfM XKffi [0047]$ 4> £$&&m±. &m&t> 300-5 

^■fSia«*<l 5 0 0riUT-C*4^, fclKtti&ff OOumcoimtli-r&tfjxiSittimi. ZtltS 

^-hrttiAii. a«5jiaF*-c2 4i^fa^!t«iaL/v: 

[0044] *tnzttLtmm?t>&No. 8<Q*&m «. ^xfcRoajL, &§a^L*^*mt*tK 

ii, si 02 caomi»t». rnm&t 30 fctj:->Ti»6U!:. 

JWMUCS&O .No. 9*>Kf!K*, C a 0*^< . B [ 0 0 4 8 ] *fc 1 0 *• » ^UU. 

aO#£<. L*>tMgO, CaO, SrO. B a 0$, 610'- 5 ^ X(Cffl^-fSfflJK^-f t^Tfc 0 C 

Z n 0<^*#2 0 mt?fc4fc*>, , <WUUWWi£. MMJmtzmixm Z b tcfr 
m&mz^x^tz. ttzHo. l OOittfoL CaO 

timWilzZZ b .No. [0049] 

1 KOKfitt, MgOiCaOmi^A, iSHttfc [JUflOSMl] JjUkoJ: * Ic*****™* 

*9. No. 1 20«*5«i. MgO*<£< v BaOSr* 2&K(i. *KWteT^ U&gBKbfci: P b 0££ 

mmmiz***^ mmmz^x^ -r . m*&&. mure. fflraBttoou l*>c»« 

fc. £*>fCNo. BiOs^<. L*»t *<2. 6g/cm* #T?J&4fc*>» ftfc(S*lfc#g# 

MgOtCaO^l^ B 2 0 3 J: •) i'>frltf:tf>. 40 3*U.TFT$!T?T < 77 h V < 

[ o o 4 5 ] ffi. &&n*m±* »7;^f^S* 



